When tumor-bearing mice were given diet containing fruit bodies of shiitake (L-feed), the tumor growth was apparently inhibited. To elucidate the mechanisms of this action, the effects of the L-feed on the production superoxide anion (SOA) by macrophages and the cytotoxicity of natural killer T cells were studied. When MM-46 carcinoma-bearing C3H mice were maintained on L-feed (containing 20% shiitake powder), SOA production by macrophages was increased about 2.0 to 2.3 times. Furthermore, the cytotoxic activities of natural killer cells and killer T cells were increased 1.9 times and 1.4 times, compared with their counterparts from normal C3H mice fed on shiitake-free diet. These results suggest that shiitake powder given orally activates various effector cells to attack tumor cells. It appears to potentiate cellular functions and at the same time to prevent a decrease of immune function of the tumor-bearing host.
P(%)= 1-dpm with immunolymphoyctes-background dpm / dpm when target cells only were incubated-background dpm x 100
Results and Discussion
In the previous paper," we reported that the inhibitory effect of shiitake fruit bodies on the growth of tumors varied depending on the type of tumor-host system. MM-46 carcinoma in C3H mouse showed about 80% tumor growth inhibition, whereas with IMC carcinoma in CDF1 mouse the inhibition was as low as about 20%. Therefore, these two systems were chosen for this study. At 10 d after tumor implantation, peritoneal macrophages were collected and assayed for phagocytic activity towards fluorescen-labeled Listeria. As shown in Table I , the phagocytic activity of macrophages from tumor-bearing C3H mice increased 2.3 times, when the hosts had been given L-feed. However, the activity was decreased when they had been maintained on normal feed. In the case of tumor-bearing CDF1 mice, the activity was increased about 1.8 times.
The phagocytic activity of macrophages against syngeneic tumor cells was examined. As shown in Fig. 1 , macrophages from mice given normal feed showed no alteration of phagocytic activity against MM-46 tumor cells, regardless of duration of feeding. On the other hand, when mice were maintained on L-feed, the phagocytic ability was increased with duration of feeding. The number of tumor cells phagocytosed by macrophages reached about 18-25% of total tumor cells used.
The study was centered on the amount of SOA released by macrophage in phagocytosis, as one of the criteria of cytotoxicity of activated macrophages. As shown in Table II , macrophages obtained from ICR mice given L-feed for 15 d after implantation of Sarcoma- 180 tumor cells produced less SOA than those from their tumor-free counterparts. When the mice were given L-feed, macrophages obtained from tumor-bearing mice released twice as much SOA as those from normal mice. The results on SOA production in macrophages obtained from syngeneic tumor-bearing mice are summarized in Tables III and IV. In the case of CDF1 mice given L-feed for 10 or 20 d after implantation of IMC-tumor cells, the SOA production was increased to 1.1 1.4 times that of normal mice given normal feed. However, as shown in Table IV , in the case of C3H mice (in which the inhibition of MM-46 tumor growth was greater), the amount of released SOA was increased about 2.0-2.3 times by L-feed for 9 d. However, when the mice were given L-feed for 18 d, the produced SOA was almost the same as that for normal mice given normal feed for 18 d.
These results suggest that tumor growth inhibition by the shiitake fruit bodies is at least partly due to enhanced production of SOA by macrophages or prevention of deterioration of immuno-phagocytosis in the tumor-bearing state.
Next, the effects of shiitake powder on NK cells (nonspecifically injuring tumor cells), and cytotoxic T cells (Tc, specifically injuring antigen-presenting cells) were studied. First of all, NK cells, which are induced from pre-NK cells by IFN, were studied. Spleen cells were used as a cell group containing NK cells, and YAC-1 tumor cells were labeled with 3H-uridine as target cells. C3H mice were given L-feed for 8 d, and non-adherent spleen cell suspension was prepared from the extirpated spleen. The cytotoxicity of this cell fraction against YAC-1 tumor cells was measured at an E/T ratio of 50 : 1. As shown in Table V , the NK cell activity Significance of difference (t-test): a) p<0.05. E/T (NK cell I x 107: YAC-I cell 2 x 105) ratio = 50 : 1. showed a marked decrease. The results suggest that the cytotoxicity potentiated by oral administration of shiitake fruit bodies is that of T cells. That is, shiitake fruit bodies accelerate the induction of Tc cells. In summary, the action mechanisms of orally administered fruit bodies of shiitake seem to be similar to those of lentinan injected i.p. into mice. Shiitake powder showed antitumor action against several syngeneic tumors, and acts not only by activation of various effector cells (Mo, NK cells, Tc, etc.) to attack tumor cells, but also by potentiating the cellular functions and preventing a decrease of immune functions of the tumor-bearing host.
